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DEVEiOBIEITT  OF  THE  HOMAH  HEART.  — "The  morphological 
tradition  maintains  the  existence  in  the  primitive  cardiac 
tube  of  four  regions,  one  "behind  the  other,  separated  "by  more 
or  less  definite  constrictions.  A corollary  of  this  conception 
of  the  straight  tubular  heart,  which  is  sometimes  stated  and 
sometimes  merely  Implied,  is  that  each  of  these  regions 
maintains  its  identity  throughout  the  complex  "bending  and 
partitioning  of  the  heart,  and  is  moulded  eventually  into 
the  adult  region  of  the  some  name.  As  a matter  of  fact 
none  of  the  recent  studies  or  the  early  development  of  the 
he£"t  hear  out  this  "basic  conception  or  its  corollary. 

The  tubular  heart  is  not  formed  Tall  at  once  and 
nothing  first1  with  four  fundamental  regional  divisions 
clearly  distinct  from  one  another.  It  is  formed  "by  a progress- 
ive  fusion  of  its  paired  prlmor&ia,  "beginning  cephalic ally  and 
progressing  caudad.  Thus  at  first  only,  the  hulhoventricular 
portion  is  represented  in  the  fused  and  myocardially  invested 
part  of  the  heart  tube.  Later  the  undifferentiated  primordial 
tissue  which  is  to  be  its  atrial  portion  sv/lngs  into  place 
behind  the  primitive  ventricle  and  still  later  the  definitive 
sinus  is  added  behind  the  atrial  region." * 

l.EA  - EVEL0KG3NT. --Tanzo  Yoshinaga  in  his  paper 
"Early  Development  of  the  Heart  in  Hamm alia"  bears  out  Pro- 
fessor PattenTs  statement.  Since  there  is  no  account  of  the 
very  earliest  development  of  the  heart  in  humans  I will 
give  an  account  of  YoshinagaTs 
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epic  work  on  the  guinea  pig.* 

In  his  paper  Yoshinaga  divides  the  early  development 
into  eight  stages. 

Stage  I.  The  first  sign  of  the  formation  of  sngio- 
blasts  was  observed  in  sn  embryo  in  which  neither  the  head 
fold  nor  the  anlage  of  the  pericardial  cavity  had  yet  appeared. 

Cell  bands  which  are  regarded  as  angi oblasts  be&in 
to  separate  on  the  ventral  surface  of  the  mesoderm  of  the 
s^lanchno  leure  of  the  cranial  portio'-- . They  are  frequently 
found  adhering  to  the  indented  and  loosened  mesoderm  of  the 
splanchnopleure  by  broader  or  na  rc  rer  protoplasmic  bridges. 
Yitotic  figures  are  found  in  the  splanclinic  mesoderm  near  the 
angi oblasts,  "hen  the  mesodermal  cels  of  the  splanchnopleure 
are  in  close  contact  with  the  "oblasts  it  is  impossible  to 
discriminate  one  from  the  other  as  regards  their  sizes,  forms, 
staining  reaction,  and  form  of  nuclei.  On  the  other  hand  one 
can  notice  a great  difference  between  the  angioblasts  and  the 
adjacent  entodermal  cells.  That  the  angioblasts , for  11 
future  endocardium  are  derived  from  the  mesoderm  of  the  s planch 
nopleure  is  clearly  shorn  from  lie  above  findings.  The  meso- 
derms' cells  continue  to  proliferate  an  iobl-  mtil  a 
later  stage,  in  which  the  greater  part  of  the  endothelial 
tubes  are  -lready  differentiated  from  the  angioblasts  in  the 
anterior  portion  of  he  embryo.  However,  one  can  recognize 
the  origin  of  the  angioblasts  in  the  posterior  part  of  Ihe 
embryo  of  stage  III  which  will  be  described  presently.  In  the 
cranial  portion  of  the  embryonic  shield  and  in  the  pericephalic 
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mesoderm  the  discontinuous  formation  of  the  intra-embryonie 
coelomic  spaces  was  oh served.  Yoshinaga  says  that  these 
spaces  begin  as  multiple  foci. 

Stage  II.  With  the  development  of  the  f or  eg':  t end 
the  separation  of  the  head  fold  of  the  embryo  from  the  surround 
ing  blastoderm^  the  intra-embryonie  coelomic  space  spre  out 
C rani ally  into  the  perieephalie  mesoderm  splitting  the  meso- 
dermal layer.  This  causes  the  pericardial  cavities  to  commun- 
icate with  each  other.  ”In  a just  slightly  younger  embryonic 
shield  than  this,  each  lateral  pericardial  cavity  has  progresse 
oranially  into  the  perieephalie  mesoderm,  showing  in  this 
lace  a slit-like  space,  whicl^  howevep  is  divided  by  a thin 
mesodermic  bridge  in  the  middle  line.”**  Thus  we  have  the 
beginning  of  the  pericardia.l  cavity  in  the  multiple  foci. 

The  formation  of  a single  inverted  U-shaped  pericardial  cavity 
involves  the  coalescence  of  the  multipl  coelomic  spaces. 

Only  in  the  region  of  the  hindbrain  plate  where  the  pericardial 
cavity  is  ' n and  the  splanchnic  mesoderm  is  thickened, 

can  relatively  wide  endothelial  tubes  be  differentiated. 

A lineal  cleavage  represents  the  endothelial  tubes  in  the 
perice  1 lie  mesoderm.  A 1 oh lasts  are  scattered  in 

this  region.  In  this  stage  the  thickened  splanchnic  mesoderm 
projects  into  the  "ericardial  cavity  a prominent  fold. 

Stage  III.  The  bilateral  myocardial  folds,  having 
become  quite  prominent  in  the  region  of  the  hindbrain  plate, 
now  envelope  the  -ell-developed  endothelial  tubes.  The 
myocardial  folds  are  progressively  forming  craniad  opposite 
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to  the  opening  of  the  foregut  on  the  left  side.  At  this  time 

the  endothelial  tube:  which  terminates  slightly  caudad  to 
the  foregut  opening,  tapers  cranial.  The  formatior  of  the 
myocardial  folds  on  the  ri -ht  side  can  he  seen  still  farther 
cranially  in  the  caudal  art  of  the  craniomedian  limh  of  the 
pericardial  cavity.  In  this  region  a number  of  angio'  lasts 
are  distributed  between  the  raised  thickened  splanchnic 
mesoderm  and  the  underlying  entoderm.  On  the  right  side 
the  cranial  termination  of  the  endothelial  tube  is  opposite 
to  the  foregut  opening.  The  cranial  extremities  of  the 
endothelial  tub.:  s are  almost  connected  by  a number  of  angio- 
blasts  which  a.re  scattered  in  front  of  the  cranial  terminations 
of  these  tubes.  Because  the  splanchnic  mesoderm,  slightly 
cephalad  to  the  cranial  extremity  of  the  left  myocardial  fold, 
is  still  loosely  touching  the  underlying  entoderm,  the  complete! 
confluence  of  the  cranial  extremities  of  the  lateral  myocardial 
folds  is  prevented.  The  formation  of  the  myocardial  folds 
occurs  last  in  the  crania  median  limb  of  the  pericardial 
cavity,  ’then  this  is  accomplished  the  lateral  myocardial 
tubes  communicate  with  each  other  in  this  region. 

Stage  IV.  The  myocardial  tubes  are  w confluent 
in  the  region  just  discussed.  mhc  : lanchnic  mesoderm  is 
now  fully  elevated  from  the  underlying  entoderm.  The  voluminous 
myocardial  tubes  dilate  in  all  directions,  especially  in  heir 
cranial  portions.  Caudally  their  dimensions  are  gradually 
reduced.  The  two  lateral  endothelial  tubes  have  become  well 
developed.  In  the  confluent  portion  of  the  myocardial  cavity 
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the  end o the" ial  'tubes  lie  side  by  side.  In  this  region 
independent  intermediate  ■ ndothelial  cells  ere  scattered 
bet-seen  the  e endothelial  tubes. 

St  ape  V.  t'uch  more  dilatation  and  elongation  is 
seen  in  the  cranial,  ortions  of  the  tvro  later rl  myocardial 
tubes  as  the  distance  from  the  foregut  to  the  cranirl  extrem- 
ities is  increased.  A distinct  atrioventricular  constriction 
marls  the  transition  from  the  v/ie e cranial  myocardial  tubes 
to  their  slender  caudal  portions.  In  the  confluent  portion 
of  the  myocardial  cavity  the  two  lateral  endothelial  tubes 
1 ave  d< veloped  considerably.  They  are  almost  touching  in  this 
region.  The  larger  cranial  ventricular  region  con  he  disting- 
uished from  the  smaller  atrial  region  becan.se  the  two  endothelial 
tubes  becfme  very  narrow  from  the  atrioventricular  constriction 
c aud alv.rard  . lTo  other  demarcations  can  be  traced  in  this  stage. 

Stage  VI.  In  ‘his  stage  the  confluent  myocardial 
cavity  increases  especially  in  the  cranio caudal  direction. 

"The  cause  of  this  may  be  attributed  partly  to  the  retirement 
of  the  wedge-shaped  septal  ridge  cranialward,  which  had 
projected  into  the  confluent  my o card  ini  cavity,  as  the  eonversidh 
of  the  inner  walls  of  the  cranial  lateral  myocardial  extremities 
and  partly  to  the  active  bachv/ard  progress  of  he  foregut 
opening."*  The  two  lateral  myocardial  cavities  communicate  with 
each  other  in  the  vthole  extent  of  the  ventricle  and  in  the 
cranial,  part  of  the  atria.  The  atrioventricular  constriction 
Sharply  demarcates  these  two  myocardial  portions,  ^he  lateral 
endothelial  tubes  are  "used  for  a short  distance  in  the  middle 
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third  of  the  ventricle."  The  calibers  of  the  two  endothelial 

tubes  are  considerably  reduced  at  the  atrioventricular  con- 
striction, but  as  we  proceed  farther  caucl ally  their  diameters 

are  gradually  increased. 

Stage  VI I.  A single  expanded  eraniomedian  extremity 

of  the  cranial  oortion  of  the  myocardian  represents  the  sac 

shaped  ventricle.  In  the  caudal  portion,  the  myocardial  sac 

is  bifurcated  into  two  rather  slender  myocardial  'prolongations . 

They  are  separated  by  the  atrioventricular  sulcus  which  by 

this  time  is  well  developed.  Tt  is  slightly  eephalad  to  the 

f regut  opening.  Cn  the  myocardial  tubes  caudad  to  the  foregut 

opening  an  indefinite  indentation  maris  the  transition  from 

the  atrium  into  the  sinus  venosus.  "here  are  similar  indent- 
ations cn  the  endothelial  tube  on  the  left  side.  At  its 

cranial  extremity  the  two  lateral  endothelial  tubes  come  to 

a point  onosite  to  the  cranial  end  of  the  myocardial  ventricle. 

There  are  two  reasons  for  the  myocardial  asymmetry  of  the 

ventricle:  (1)  its  right  wali  bulges  dorsally,  laterally, 

and  slightly  caudally;  (2)  the  -.yo  cardial  wall  of  he 

atrioventricular  constriction  infolds  deeper  on  the  right 

side  then  it  does  on  the  left.  The  right  side  of  the  endothel- 
ial tubes  in  the  ventricle  is  much  more  dilated  than  the  left 

and  consequently , '.hen  it  expands  dorsally,  laterally  and 

caudally  the  endothelial  tubes  are  found  nearer  the  right 

side  of  the  ventricle.  The  two  lateral  endothelial  tubes, 

being  separated  at  the  caudal  third  of  the  ventricle,  pass 

through  the  intermesoeardi&l  space  vertically.  The  bi  lb 
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cor'""  ' levelops  from  this  portion  in  a later  stage. 

StageVIII.  By  three  distinct  constrictions,  the 
myocardium  can  now  "be  subdivided  in  the  cranio caudal  rue ce nr ion 
into  the  hullus  cordis,  ventricle, atrium,  and  sinus  Venosus. 

The  To'OiL’b ov entri ctil ar  constriction,  the  atrioventricular 
constriction,,  and  the  sino-atrisl  constriction,  respectively, 
are  the  demarcations. 

^he  hullo -ventricular  constriction  separates  the 
hulhur  cord:'  r from  the  ventricle  at  its  cranial  end.  At  the 
left  and  cranial  sides*  the  hullo -ventricular  constriction 
ma'-es  a deeper  furrow  than  on  the  righl  side,  thus  causing 
asymmetry  in  this  myocardial  region.  'T'his  explains  why  the 
convexity  of  the  myocardium  at  the  lull o -ventricular  junction 
is  turned  toward  the  right  side. 

The  well  marked  atrioventricular  canal  is  produced 
ly  the  infolding  of  the  myocardial  wall,  which  is  deeper  and 
more  caudad  on  the  right  side  than  on  the  left.  As  a result, 
the  opening  of  this  canal  is  located  on  the  left  side  of  the 
middle  plane.  At  the  atri 0 ventricular  junction  there  is  a 
marked  curvature  and  the  convexity  of  the  myocardial  tule  is 
toward  the  left  side  and  ventral wurd.  This  cruses  the  ventric- 
ular portion  to  shift  to  the  :*ight  side  and  slightly  ventrally 
to  : he  atrial  portion,  it  a later  stage  the  curvature  becomes 
accentuated  and  the  dorsal  mesocardium  dissa.  pears  for  a short 
distance.  The  ventricle  comes  to  the  ventral  surface  of  the 
atrium  in  this  region. 

i 

ventral  r L or  shill ongi tud inal  sulci  incompletely 
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divide  tj  utricle  into  two  linibs.  The  septal  wall  separates 
the  two  limbs  into  two  completely  independent  cavities  at 
the  caudal  portion  of  the  ventricle.  The  caudal  extremity 
of  the  right  ventricle,  which  projects  caudo late rally , terminate 
blindly  as  a conical  process. 

Since  the  above  account  concerns  the  development 
of  the  guinea  pig  heart  and  the  next  one  (based  on  Jordan  and 
Kindred's  chapter  in  "Textbook  of  Embryology"  and  HallTs 
_,er  "On  the  level opment  of  the  TTuraan  Heart"  ) deals  with 
the  embryology  of  the  human  heart,  T will  retrace  some  steps 
in  the  early  development  of  the  human  heart  for  pur-  oses  of 
orientation. 


s 


The  endothelial  tubes  are  formed  by  cells  proliferated 
by  th  lanchnie  mesodermal  thickenings , or  cardiogenic 
plates,  between  them  and  the  entoderm  of  the  gut.  They  appear 
on  either  side  of  the  gut  end  force  the  cardiogenic  plates 
to  project  into  the  primitive  pericardial  cavity  which  is  the 
neighboring  coelom.  The  endothelial  tubes  may  be  found  in 
human  embryos  with  five  pairs  of  somites. 

In  a very  short  time  each  endothelirl  tube  is  divided 
into  three  regions  by  two  constrictions . The  bulb o ventricular 
sulcus  separates  the  uppermost  bulbus  region  from  the  middle 
ventricular  region.  The  atrioventricular  sulcn.s  is  the  con- 
striction between  the  ventricular  region  and  the  caudrl  atrial 
gion.  The  paired  endothelial  tubes  fuse  ‘-essively  in 

a cephalocaudal  direction  forming  the  bulbus  cordis,  the 
primitive  ventricle,  the  primitive  atrium,  and  the  sinus 
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venosus.  The  umbilical,  vitelline  and  common  cardinal  veins 
open  into  the  newly  formed  sinus  venosus.  These  structures 
are  defined  in  the  heart  of  r 2.15  mm.  human  embryo. 

The  dorsal  mesocardium  is  the  membrane  formed  by 
the  fusion  of  the  cardiogenic  plates  dorsal  to  the  endothelial 
tube.  There  is  no  ventral  mesocardium  in  human  card iogene sir- . 
When  the  cardiogenic  plates  fuse  above  and  below  the  endothel  i all 
tubes  thus  causing  the  endothelial  tubes  to  fuse,  the  peri- 
cardial cavity  is  formed.  "Cephalic ally  and  dorsally  the 
pericardial  eavity  is  bounded  by  the  pharynx,  laterally  and 
ventrally  by  the  body  wall , and  caudally  by  the  primitive 
septum  transversum  within  which  1 ies  the  sinus  venosus.  A 
pair  of  canals,  the  pleuroperitoneal  canals,  connect  the 
pericardial  cavity  with  the  peritoneal  cavity  above  the  septum 
transversum."  * 

The  heart  is  changing  in  shape  while  the  above 
region-'  are  being  formed.  In  the  heart  of  a 2 mm.  human 
embryo  the  bulb  o ventricular  furrow  mak  s its  appearance.  It 
is  caused  by  the  deepening  of  the  left  bulb oventrieular  sulcus 
and  the  disappearance  of  the  right  one.  Simultaneously , the 
right  atrioventricular  sulcus  deepen  and  the  atrioventricular 
canal  shifts  to  the  left  caudal  end  of  the  primitive  ventricle 
from  its  originally  central  position.  At  the  2.15  mm.  stage 
the  heart,  viewed  from  the  ventral  surface,  is  roughly  S-shaped , 

The  primitive  atrial  region  is  forced  on  to  its 
dorsal  surface  because  the  ventricle  is  rapidly  growing  in 
a caudo-sinistral  direction.  The  atrial  region  now  grows 
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rapidly  in  a cephalic  direction  "but  it  soon  "balloons  out  on 

either  side  of  the  hnlhus  cordis  because  the  floor  of  the 
pharynx  hinders  it  from  growing  dorsally  and  the  bulbas  cordis 
impedes  its  ventral  growth.  luring  this  time  the  ~inus 
venosus  has  "been  pulled  craniad  hy  the  growth  of  the  atrium. 
Two  unequal  horns  of  the  sinus  venosus  are  developed  "because 
of  the  shift  in  the  flow  of  "blood  from  the  left  umbilical 
vein  to  the  right  side  of  the  f iver  and  thence  to  the  right 
side  of  the  sinus  venosus?*  logically,  the  right  horn  is  the 
larger  and  the  left  horn  is  the  smaller  and  "both  are  developed 
"by  the  10  mm.  stage.  The  "bulb o ventricular  sulcus  does  not 
grow  as  rapidly  a c the  surrounding  ventricular  region  and 
consequently  the  base  of  the  bulbus  cordis  is  incorporated  in 
the  right  side  of  the  rimitiv  'ehtricle.  The  remaining 
portion  of  the  "bulbus  cor.' in  is  divided  into  the  bulbus  arter- 
iosus and  the  more  cephalic  truncus  arteriosus  They  form  a 
continuous  channel  from  the  primitive  ventricle  to  the 
aortic  arches.  They  divide  longitudinally  to  give  rise  to 
the  base  of  the  systemic  aorta  and  the  pulmonary  artery. 

The  interventricular  and  interatrial  sulci  s„re  the  external 
indications  of  the  internal  division  of  the  ventricle  and 
atrium,  respectively. 
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CHAPTER  II 

INTERNAL  CHANOEO  IN  THE  HEART. —Re cause  of  the 
course  of  the  fetal  food,  the  internal  changer  of  the  heart 
are  not  fully  completed  until  after  birth.  They  parallel  to 
rome  extent  the  external  changes  of  the  heart.  The  principal 
interna7  changes  involve  (1)  the  development  of  the  interatrial 
septa  which  'i’ride  the  primitive  atrium  into  two  chambers, 

(2)  the  development  of  the  interventricular  septum  which 
divides  the  lumen  of  the  ventricle,  and  (3)  the  formation  of 
the  valves. 

1.  DIVlSIOU  OF  A TR  Id  VIP!  '"R  ICULf  R CANAL.  --  The 

atrioventricular  canal  shifts  to  the  left  limb  of  the  ventricle 
very  early  in  the  development  of  the  heart.  This  con  be  seen 
in  a heart  of  a 4.2  mm.  human  embryo.  The  endocardial  tissue 
on  the  dorsal  and  ventral  m- r ;ins  of  the  cai  al  give  rise  to  a 
pair  of  endocardial  cushions  by  the  5 mm.  stage.  Ry  the  7.5 
mm.  stage  the  atrioventricular  canal  is  divided  into  right 

and  left  atrioventricular  c<  als  by  the  mesial  fusion  of  the 
cushions . 

2.  FORMATION  OF  THE  INTERATRIAL  3EFTTJ!!.--  The  septum 
primum  is  a fold  of  endocardial  tissue.  It  grows  into  the 
lumen  of  the  primitive  atrium  from’ its  cephalod  1 wall. 

At  first  the  septum  primum  is  incomplete  caudally  and  the 
right  and  left  atr: a communicate  with  each  other  through  the 
primitive  interatrial  foramen.  However,  this  primitive 
interatrial  foramen  is  soon  closed  by  the  septum  primum  rhieh 
caudally  and  fuses  with  the  cranial  surface  of  the  fused 
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endocardial  cushions.  The  right  and.  left  atria  now  communicate 
with  each  other  by  means  of  the  foramen  ovale  which  is  the 
thinned.,  perforated  cranial  portion  of  th  run  primum. 

After  birth,  the  foramen  ovale  is  closed  by  the  fusion  of  the 
septir  "mum  with  the  it#  tram  secundum. 

By  the  7.5  mm.  stage,  two  folds  of  tissue,  the  right 
and  left  sinus  valves,  have  developed  around  the  opening  of 
the  sinus  venosus  into  the  right  atrium.  -he  fusion  of  the 
cranial  ends  of  these  two  valves  forms  the  septum  spurium 
which  is.  the  primordium  of  the  major  portion  of  the  crista 
terminalis.  The  caudal  ends  of  the  valves  terminate  at  the 
caudal  margin  of  the  septum  primum  ? : nd  form  the  spina  vestibuli 
which  is  the  primordium  of  the-  septum  secundum.  This  structure 
fB  continuous  with  the  septum  primum  and  with  the  dorsal 
endocardial  cushion.  T,rorrill  in  discussing  the  primordium 
of  the  septum  secundum  in  the  pip-  embryo  says;  TThis  structure, 
which  is  the  anlage  of  Septum  II,  is  undoubtedly  the  spina 
vestibuli  and,  talcen  together  with  the  endocardial  cushions 
would  constitute  His1  Tseptum  interned ium. T The  lower  end  of 
the  left  sinus  valve  blends  with  it,  while  the  corresponding 
end  of  the  right  valve  flattens  dovm  on  the  atrial  floor  close 
to  it.!”  * The  septum  intermedium  is  formed  by  the  17.  mm. 
stage . 

Immediately  following  this  sta  e of  development  the 
basal  portion  of  the  spina  vestibuli  joins  the  left  valve 
of  the  sinus  venosus.  Its  upper  ortion  rows  cranial  along 
the  ventral  wall  of  the  right  atrium  close  to  the  sep'tum  primum 
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in  these  two  elements  fuse,  the  septum  secundum  is  farmed. 

,7The  right  sinus  valve  has  also  grown  and  forms  a 

high  septum  wliieh  diredts  the  'blood  flow  from  the  inferior 

vena  cava  over  the  septum  secundum  and  through  the  foramen 

ovale  into  the  left  atrium.  Upon  atrial  systole,  the  se  turn 

primum  is  pressed  against  the  se  turn  secundum  in  such  a w ay 

that  the  latter  acts  as  a valve  preventing  backflow  of  blood 

from  the  left  to  the  ri  ht  atrium.  At  diastole,  the  strong 

current  of  blood  entering  the  right  atrium  from  the  inferior 

vene  cava  is  directrd  against  the-  septum  primum  by  the  right 

sinus  valve;  the  septum  primum  is  pushed  aside  and  the  foramen 

ovale  reopened . ,T* 

At  birth,  the  septum  primum  and  the  septum  secundum 

fuse  to  form  the  definitive  interatrial  septum  which  auto- 
matically closes  the  foramen  ovale.  The  structural  closure 

of  the  foramen  ovale  is  effected  by  the  end  of  the  third 

postnatal  month. 

3.  THE  PUU.TUARY  VEIT'S . In  the  early  development, 

the  left  atrium  is  left  without  any  vessels  opening  into  it 

because  of  the  shifting  of  the  sinus  venosus  to  the  right 

atrium.  This  condition  is  not  permanent  for  the  common 

pulmonary  vein  opens  into  the  cephalic  wall  of  the  left  atrium. 

Primitively  two  pulmonary  veins  arise  from  each  lung.  Each 

pair  then  unites  and  as  the  two  resulting  vessels  approach 

the  heart  they  unite  to  form  a common  pulmonary  vein  which 

opens  into  the  wall  of  the  left  atrium.  Later  the  common 

pulmonary  vein  and  the  - roxinal  ends  of  the  four  branches 
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are  absorbed  by  the  wall  of  the  atrium.  This  leads  to  the 
definitive  condition  where  two  veins  from  each  lung  open  into 
the  atrial  wall . 

4.  TEE  FATE  0^  PEF  °ITTUS  VEECSUS  ATT])  ITS  VALVES. 

The  sinus  venosus  becomes  incorporated  into  the  wall  of  the 
right  atrium  between  the  10  and  SC  mm.  stages  of  development. 

At  the  1C  mm.  stage  the  right  horn  of  the  sinus  venosus 
receives  the  superior  vena  cava,  the  inferior  vena  cava  opens 
into  the  right  caudal  wall  of  the  sinus  venosus  and  the  small 
left  duct  of  Cuvier  opens  into  the  left  caudolrteral  margin 
of  the  sinus  ve-  . The  sinus  wall  does  not  grc  s idly 
as  the  atrial  wall  around  the  sinus  venosus  and  as  a result 
this  1 becomes  stretched  and  the  furrows  marking  it  off 
from  the  atria)  wall  are  flattened  out.  Consequently , the 
superior  vena  cava  is  separated  from  the  inferior  vena  cava. 

The  superior  vena  cava  now  opens  into  the  cephalic  wall  of 
the  ptriurn.  The  definitive  otrisl  wall  is  added  to  by  the 
incorporation  of  that  part  of  the  sinus  wall  between  the  open- 
ings of  the  superior  end  inferior  venae  cavae. 

By  the  BO  mm.  stage  the  left  horn  of  the  sinus 
venosus  has  shifted  from  its  original  position  because  of  the 
absorption  of  the  sinus  venosus  and  now  lies  close  to  the 
opening  of  the  inferior  vena  cava.  It  is  now  known  as  the 
coronary  sinus. 

The  right  and  left  sinus  volv  s originally  guarded 
the  opening  of  the  sinus  venosus.  ^he  right  valve  is  pulled 
caudally  with  he  development  of  the  atrium.  In  the  heart  of  a 
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Inman  fetus  of  the  fourth  month,  it  is  seen  as  a valve  guard- 
ing the  inferior  vena  cava.  Its  upper  portion  is  confluent 
with  the  septum  spurium.  The  right  sinus  valve  is  divided  into 
two  parts  by  the  sinus  septum  which  is  the  projection  of  the 
left  horn  of  the  sinus  venosus  into  the  lumen  of  the  atrium. 

The  cranial  portion  is  the  Eustachian  valve  which  guards  the 
opening  of  the  vena  cava.  The  smaller  caudal  portion  is  the 
•Thebesian -’-alve  which  guards  the  opening  of  the  coronary  sinus. 
It  has  already  been  shown  that  the  left  sinus  valve  becomes 
part  of  the  septum  secundum. 

5.  FCRliATICIT  OF  THE  AORTIC  AID  TUII'CrART  TRTjEKS . 

In  the  1.5  mm.  human,  embryo  the  aortic  sac  appears  as  a swell- 
ing at  the  distal  end  of  the  bulbus  arteriosus.  At  the  11  mm. 
stage  the  walls  of  the  sac  begin  to  fold  in  on  the  right  and 
left  sides.  Caudally  these  folds  extend  into  the  bulbus 
arteriosus  as  far  as  the  endocardial  tissue  surrounding  the 
interventricular  orifice  and  form  the  aortic  septum.  The 
aortic  sac  and  bulbus  arteriosus  are  split  into  the  aortic  and 
pul  on  ary  trunks  by  the  aortic  septum.  Due  to  the  spiral 
coiirsc  of  the  aortic  septum,  the  aortic  trunk  communicates 
with  the  lumen  of  the  left  ventricle  caudally.  The  pulmonary 
trunk  goes  from  the  sixth  pair  of  aortic  arches  to  the  right 
ventricle.  In  addition  to  the  folds  just  mentioned,  another 
pair  develops  on  the  dorsal  and  ventral  walls  of  the  bulbus 
arteriosus.  We  have , % therefore , three  folds  on  each  t unk  when 
the  aortic  septum  divides  the  aortic  s o id  bulbus  arteriosus. 
The  semilunar  valves  are  formed  by  the  hollowing  out  o^  the 
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cephalic  surfaces  of  the  three  folds.  The  dorsal  and  ventral 

folds  terminate  c alidad  to  the  primordial  semilunar  valves. 

The  right  and  left  folds  which  form  the  aortic  septum  continue 

caudad  end  fuse  with  the  endocardial  tissue  around  the  inter- 
ventricular orifice  to  form  part  of  the  membranous  septum. 

6.  THU  F0R11ATI0F  OF  rrKS  P^IEBRAITOUS  SEP  TIT r AISD  ATRIO- 

TEiTTRICISLAR  VALVES.  The  endothelial  tube  in  the  heart  of  a 2mm, 

human  embryo  is  separated  from  the  muscular  tube  by  a layer  of 

delicate  fibrils.  "In  the  youngest  embryos  studied,  the  retic- 
ular mass  ■'  et”reen  the  endo thelialjeells  and  the  muscle  v/all 
appears  either  homogeneous,  or  as  composed  of  most  delicate 

fibrils,  or  of  coarser  fibers,  according-  to  the  method  of  pre- 
servation. In  general,  it  appears,  lihe  the  most  delicate 

reticulum  of  the  mesenchyme  and  under  all  circumstances  any 

hieh  tinges  the  fibrils  tin  ;es  Iso  the  endothelial  cells. 

So  intimate  is  this  connection  that  it  forces  the  conclusion 

that  the  fibrils  together  with  the  endothelial  cells  form  a 

syncytium. "*  Fall  defines  the  endothelial  fibrils  as  "the  retic- 
ulum between  the  endothelium  and  muscle  layer  of  the  heart." 

In  the  heart  of  s hum  on  embryo  4.25  mm.  long,  the 

endothelial  fibrils  are  unequally  distributed . They  form  a 

very  thin  layer  in  the  atria.  rnhey  are  more  numerous  in  the 

atrial  canrl  ’'here  they  form  the  endocardial  cushions.  The 

anterior  and  posterior  surfaces  of  the  posterior  endocardial 

cushion  touch  the  left  and  right  atria,  respectively.  Along 

its  anterior  border  the  anterior  cushion  extends  into  the  left 

atrium.  In  the  left  ventricle  they  mingle  with  the  endothel" 
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network  cohering  the  trabeculae . mhe  endothelial  end  nniscnlar 
layers  interlace  to  form  the  trabeculae  in  the  right  ventricle. 
These  two  layers  are  separate  in  the  bulbus . Tn  a sli  / tly 
older  embryo  the  endothelial  syncytium  is  most  pronounced 
in  the  endocardial  cushions  and  in  the  bulbus . The  anterior 
endocardial  cushion  is  more  extensive  in  the  atria  and  the  left 
ventricle  than  the  posterior  endocardial  cushion.  The  primitiv* 
interatrial  septum  is  marked  by  the  space  between  the  two 
cushions  in  the  atria.  The  aortic  septum  is  still  absent  as 
the  septum  primum  and  the  septum  of  the  ventricles  are 
begins ing  to  form. 

In  a 5 mm.  human  embryo  the  trabecular  system  of  the 
left  ventricle  is  attached  to  the  anterior  and  posterior 
doc::rdial  cushions  by  the  anterior  and  posterior  papillary 
muscles.  The  two  ridges  of  the  newly  formed  ■ ortic  septum 
extend  into  the  bulbus  to  the  interventricular  foramen. 

By  the  9 mm.  stage,  the  posterior  and  anterior 
endocardial  cushions  are  completely  fused  and  the  foramen 
ovale  is  now  established.  "Together  the  united  endocardial 
cushions  form  a cubical  plug  which  blocks  the  center  of  the 
trial  canal  le  ring  a channel  on  either  side.  The  atrial 
canal  is  divided  into  two  canals  -hich  now  form  the  right 
and  left  ostia. 11  * The  right  halves  of  the  endocardial  cushions 
give  rise  to  the  medial  eusp  of  the  tricuspid  valve  and  the 
left  halves  form  the  anterior  cusp  of  the  mitral  valve.  The 
atrio -ventricular  bundle  of  His  ap  ars  behind  the  posterior 
endocardial  cushion.  It  is  a marked  band  of  muscle  /hich 
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reaches  from  the  wall  of  the  sinus  venosus  to  the  interventric- 
ular foramen  -/here  it  spreads  over  the  inner  ualls  of  the  tv:o 
ventricles . 
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In  the  heart  of  an  11  mm.  human  embryo, the  borders  of 
the  medial  sides  of  the  right  and  left  ostia  are  marked  by  the 
posterior  and  anterior  endocardial  cushions.  On  the  dorsal 
side,  the  posterior  cushion  extends  down  the  posterior  border 
of  the  interventricular  foramen  and  is  incorporated  in  the 
border  of  the  interventricular  septum.  The  genesis  of  the 
lateral  valves  is  seen  as  rounded  endocardial  thickenings  ' 
on  the  lateral  sides  of  the  ostia.  The  aortic  septum  fuses 
with  the  cushions  by  means  of  a dorsolateral  wing  which  is 
divided  into  two  branches  which  partly  surround  the  right 
venous  ostium.  One  of  the  branches  fuses  with  the  right 
lateral  endocardial  thickening,  while  the  other  fuses  with 
the  right  lower  wing  of  the  anterior  endoe.  rdial  cushion 
which  is  the  anterior  process  of  the  medial  valves. 

In  the  heart  of  a 12.5mm.  human  embryo, the  aortic 
septum  extends  to  the  interventricular  foramen  and  blends  with 
the  right  tip  of  the  rnterior  endocardial  cushion  ’which  is 
located  in  the  foramen.  The  aortic  septum  also  extends  to 
the  lateral  side  of  the  right  venous  ostium.  The  anterior 
border  of  the  ventricular  se  turn  is.  touched  by  the  posterior 
cushion.  Thus  the  interventricular  foramen  is  bounded  bp  the 
interventricular  septum,  the  aortic  septum,  end  the  dorsal 
portions  of  the  fused  endocardial  cushions.  The  interventricula: 
foramen  gradually  becomes  smaller  and  at  the  same  time  the 
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above  boundaries  approach  each  other.  At  about  the  20  .v.  . 
stage,  the  interventricular  foramen  is  closed  by  the  fusion 
of  the  surrounding  tissues.  The  ventricles  are  thus  completely 
separated  by  the  newly  formed  membranous  septum. 

The  fused  anterior  and  posterior  endocardial  cushions 
end  the  lateral  cushions  are  involved  in  the  formation  of  the 
atrioventricular  valves.  The  origin  of  the  anterior  and 
posterior  endocardial  cushions  from  endothelial  fibrils. has 
already  been  shorn.  These  cushions  are  almost  wholly  confined 
to  the  left  ventricle.  They  become  ble  dec  by  the  9 mm.  stage. 
The  two  tips  of  the  resulting  valve  mass  which  hangs  well  into 
the  left  ventricle^  are  supported  by  the  two  papillary  muscles. 
The  left  end  of  the  fused  cushions  gives  rise  to  the  anterior 
cusp  of  the  mitral  valve  and  the  right  end  forms  the  medisl 
cusp  of  the  tricuspid  valve. 

The  two  lateral  cushions  first  appear  in  a 9 mm. 

embryo  and  are  wel'’  developed  by  the  11  mm.  stage.  A lateral 

process  from  the  aortic  septum  blends  with  the  right  lateral 

cushion.  In  the  adult  this  connection  is  marled  by  a smell 

/ 

papillary  muscle  which  asses  into  the  aortic  septum.  The 
left  lateral  cushion  is  still  sharply  defined  end  isolated. 

"he  left  lateral  endocardll  cushion  forms  the  posterior 
cusp  of  the  mitral  valve.  The  right  lateral  cushion  gives 
rise  to  the  anterior  cusp  of  the  tricuspid  valve.  The  poster! 
cusp  of  the  tricuspid  valve  arises  from  the  degeneration  o^ 
trabeculate  muscular  tissue  on  the  right  posterior  ' in  of 
t1  - ri v t atrioTr2..r .rierlar  ostium.  The  formation  of  the 
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atrioventricular  valves  is  completed  by  the  "0  mm.  stage. 

The  expansion  of  the  atrioventricular  cushions  is 
due  to  s great  extent  to  a process  of  undermining  the  ventricle 
wall  all  around  the  venous  ostia.  The  attachment  of  the  valves 
to  the  muscle  wall  s of  the  heart  indicates  to  what  extent 
this  undermining  has  taken. place.  The  first  tendons  to  form 
were  those  nearest  the  tips  of  the  valves.  The  tendons  nearest 
the  base  of  the  valves  form  later.  "By  this  process  of  under- 
mining the  attachment  of  the  base  of  the  valve  to  the  wall  of 
the  ventricle,  the  atrial  portion  is  telescoped  into  the  ostia. 
The  muscle  of  the  atrium  extends  into  the  atrial  part  of  the 
valves,  which  at  first  is  continuous  through  the  tendinous 
cords  with  the  ventricular  muscle.  At  first  the  atrioventric- 
ular scle  connection  is  through  the  main  wall  of  the  ventricH 
hut  as  this  is  resolved  into  the  trabecular  system  with  the 
growth  of  the  valves  and  the  formation  of  the  papillary 
muscles  the  connection  between  atrium  and  "entricle  is  through 
the  tendinous  cords  which  are  at  first  muscular."*  The 
trabeculae  carnae  ore  the  irregular  muscle  bundles  not  connect- 
ed with  the  valves. 

7.  THE  ATRieVENTEICir.AR  BUNDLE  OF  FIS. --In  the 
heart  of  a 3.9  mm.  human  embryo,  the  atrial  canal  is  well 
formed.  The  posterior  and  anterior  endocardial  cushions  fill 
most  of  the  space.  Its  outer  wall  is  uniformly  muscular 

tl  roug’iout . A change  occurs  with  the  appearance  of  'he 
lateral  endocardial  cushions  i1  ’he  9 mm.  embryo.  F ere  are 
breaks  in  the  region  of  the  left  cushion,  over  the  right  cushion 
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and  in  the  "bottom  of  the  bulboventricular  groove.  "By  the- 13mm. 

■ ge , the  "breed:  over  the  left  endocardial  cushion  is  more 
pronounced,  several  "breaks  occur  on  the  right  lateral  cushion, 
a large  "break  is  seen  "behind  the  aorta,  and  a "break  is  present 
on  the  medial  dorsal  side  of  the  left  ostrum.  mhe  following 
are  the  connections  between  the  atria  and  ventricles:  T,A  large 
one  in  front  of  and  a large  one  "behind  the  left  ostium,  a 
number  of  small  ones  lateral  to  the  right  ostium  and  a large 
one  from  the  sinus  to  the  ventricle  dorsally  .just  over  its 
inferior  septum* ?*fhis  last  connection  is  the  atrioventricular 
bundle  of  TTis.  As  the  embryo  incre;  ses  ":  slae  the  originally 
broad  atrioventricular  bundle  gradually  becomes  constricted. 

By  the  20  mm.  stage,  it  is  well  formed  and  rounded. 

From  what  has  been  stated  in  this  and  the  preceding 
section  we  may  draw  the  following  conclusions.  The  atrio- 
ventricular bundle  is  the  remnant  of  the  wall  of  the  atrial 
canal  following  the  breaking  of  its  anterior  and  later:  ! 
sides  to  form  the  atrioventricular  valves.  The  portion  on 
the  posterior  wall  connecting  the  sinus  with  the  ventricle 
under  changes  in  structure  so  that  it  is  differentiated 
from  the  rest  of  the  cardiac  muscle.  Tt  lies  just  behind  the 
posterior  endocardial  cushion  right  over  the  membranous  septum. 
In  the  adult  heart  Purkinje  fibers  are  found  throughout  the 
ventricular  portion. 


♦Mall.  ?.  283 . 


SULT'ARY 


The  main  points  in  the  development  of  the  human 

heart  are: 

(1)  The  proliferation  of  angioblasts  from  the  cardio- 
genic plates  to  form  the  endothelial  tubes. 

(2)  The  dif ferentiation  of  the  endothelial  tubes  into 
(a)  bulbus  cordis  (b)  ventricle  (c)  atrium  and 
Q&)  sinus  venosus. 

(3)  The  complex  bending  of  the  heart,  reaching  the 
definitive  external  condition  at  the  10  ram.  stage. 

(4)  The  development  of  the  interatrial  septa  which  C 
divide  the  atrium  into  two  chambers. 

(5)  The  fusion  of  the  aortic  septum  with  the  inter- 
ventricular septum  to  form  the  membranous  septum 
which  separates  the  ventricles. 

(6)  The  absorption  of  the  sinus  venosus  into  the  wall 
of  the  right  atrium. 

(7) The  development  of  the  valves  from  the  endocardial 
cushions . 

(3)  The  development  of  the  associated  muscles  and 
tendons  from  the  cardiac  tissue. 
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Jordan  and  rindredTs  summary  of  the  chronologj cal 
appearance  of  the  chief  structures  of  the  heart  is  very  help- 
ful. 

Embryo  1.30  mm.  in  length  (Eternod);  heart  primordium  in  form 
of  two  tubes,  preceded  by  cardiogenic  plates  (embryo,  G-lae- 
veche ) . 

Embryo  2 mm.  in  length;  heart  a single  tube. 

TT  5 to  7 mm.  in  length;  septum  T in  common  atrium, 
endocardial  cushions  in  atrioventricular  cenal. 

" 9 mm.  in  length;  foramen  ovale. 

?f  11  mm.  in  length;  septum  II  in  right  atrium. 

12  mm.  in  length;  fusion  of  septum  T and  endocardial 
cushions . 

6 to  7 mm.  in  length;  pulmonary  veins. 

15  to  2C  mm.  in  length;  closure  of  interventricular 
foramen. 

Third  postnatrl  month;  fusion  of  se  ta  I and  II,  effecting 
anatomic  closure  of  foramen  ovale.* 


* Jordan  and  Kindred,  pp.139. 
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Fig.  5 Dorsal  view  of  reconstruction  of  an  embryonic 
Shield  (stage  II).  The  dorsal  wall  at  the  pericardial 
cavity  and  the  overhanging  headfold  have  been  removed. 
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shield  ( st^aTTTie^°f  ^he  rfc°nstruction  of  the  embryonic 
, • Dorsal  wall  of  the  Pericardium 

+-Ibe^remAte?.  t0  Sh0W11:he  Perl°ardial  cavity*  and  myocardial 
«auial  Part  of  the  crsniomedian  lim  of  the 
pericardial  cavity  the  splanehnopleura  projects  into  the 
pericardial  cavity,  forming  the  prominent  fold,  which  is  ab- 
sent m front  of  the  cranial  extremity  of  the  myocardial 
tube  on  the  left  side.  X 100 . 

Fig.  7 Dorsal  view  of  the  reconstruction  of  the  same  embry- 
onic 3nield  (stage  III,  a)  from  which  figure  6 was  drawn. 
Dorsal  wall  of  the  pericardium  and  of  the  myocardial  tubes 
have  been  removed  to  show  the  underlying  endothelial  tubes 
and  angioblasts.  Angioblasts  are  scattered  under  the 
splanchnopleural  fold  at  the  caudal  part  of  the  craniomedian 
Ixmb  of  the  pericardial  cavity,  almost  connecting  both  cra- 
nial extremities  of  the  lateral  endothelial  tubes.  But 
angioblasts  are  absent  in  front  of  the  cranial  extremity  of 
the  lateral  endothelial  tube  on  the  left  side,  where  the 
splanchnopleura  has  hot  risen  from  the  underlying  entoderm. 

X 100.  (YOSHINAGA) 


Fig.  0 Dorsal  view  of  the  reconstruction  of  an  embryonic 
shield  (Stage  IV).  Dorsal  wall  of  the  pericardium  has  been 
removed  to  show  the  pericardial  cavity  and  myocardial  tubes. 
The  two  lateral  myocardial  tubes  are  partially  confluent, 
slightly  cephalad  to  the  foregut  opening.  The  two  short 
cranial  horns  of  the  myocardial  tubes  are  directed  toward 
the  top  of  the  page.  X 100. 

Fig.  9 Dorsal  view  of  the  reconstruction  of  the  same 
embryonic  shield  (stage  IV)  from  which  figure  8 was  drawn. 
Dorsal  wall  of  the  pericardium  and  of  the  myocardial  tubes 
have  been  removed  to  expose  the  underlying  endothelial  tubes. 
The  two  lateral  endothelial  tubes  approach  most  closely  to 
each  other  at  the  confluent  myocardial  portion,  where  in- 
dependent endothelial  cells  are  interposed  between  the  two 
tubes.  X 100.  ( Y0SHI2JAGA) 


^0rsal  view  of  the  reconstruction  of  »n  embrvoric 
shield  (stage  V).  Dorsal  wall  of  the  pericardium  has  been 
removed  to  show  the  pericardial  cavity  and  myocardial  tubes. 
The  two  lateral  myocardial  tubes  become  quite  voluminous, 
especially  at  their  cranial  portions  Which  continue  farther 
caudalwsrd,  gradually  diminishing  in  size.  The  atrioven- 
tricular constriction  is  marked  on  the  surface  of  the  myo- 
cardial tubes,  caudad  to  the  foregut  opening  on  both  sides. 
The  two  cranial  horns  of  the  myocardial  tubes  become  en- 
larged, and  they  are  directed  toward  the  ton  of  the  cage. 

X 100.  ‘ 

Fig.  11  Dorsal  view  of  the  reconstruction  of  the  same 
embryonic  shield  (stage  V)  from  which  figure  IQ  was  drawn. 
Dorsal  wall  of  the  pericardium  and  of  the  myocardial  tubes 
have  been  removed  to  expose  the  underlying  endothelial 
tubes,  which  are  apparently  enlarged  at  their  cranial  por- 
tions, where  they  most  nearly  approach  each  other.  X 100. 

(YO SHIN AG A) 


fc'ig.  12  Dorsal  view  of  the  reconstruction  of -an  embryonic 
shield  (stage  VI).  Dorsal  wall  of  the  pericardium  has  been 
removed  to  show  the  pericardial  cavity  and  myocardial  tubes. 
The  confluent  portion  of  the  two  lateral  myocardial  tubes 
is  considerably  elongated  in  the  eraniocaudel  direction. 

The  two  cranial  horns  of  the  myocardial  tubes  diminish  to 
short  rudiments,  as  their  septal  wall  retires  cranialward. 
They  are  directed  toward  the  top  of  the  page.  X 100. 
(YOSKINAGA) 
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Fig.  13  Dorsal  view  of  the  reconstruction  of  the  same  embrye 
onic  shield  (stage  VI)  from  which  figure  1£  was  drawn.  Dor- 
sal wall  of  the  pericardium  and  of  the  myocardial  tubes 
have  been  removed  to  expose  the  endothelial  tubes.  The  two 
lateral  endothelial  tubes  have  fused  and  communicate  with 
each  other  at  a middle  third  of  the  ventricle,  where  they 
most  closely  approach  each  other  in  figure  11.  The  lateral 
endothelial  tubes  apparently  diminish  their  size  opposite 
to  the  atrioventricular  constriction.  X 100.  ( YOSiilMAOA) 


Fig.  14  Dorsal  view  of  the  reconstruction  of  an  embryonic 
shield  (stage  VII).  Dorsal  wall  of  the  pericardium  has 
been  removed  to  show  the  pericardial  cavity  arid  the  myoeard 
ial  tubes.  The  myocardium  shows  eranially  a single  sac- 
formed  ventricle,  which  bifurcates  into  two  slender  myo- 
cardial tubes  eaudelward.  The  transition  between  them  is 
marked  by  the  atrioventricular  constriction  cephalad  to 
the  foregut  opening.  A single  cranial  extremity  of  the 
ventricle  is  directed  toward  the  ton  of  the  page.  X 100 
(TQ.SHIBaGaJ 


Fig.  15  Dorsal  view  of  the  reconst  miction  of  the  seme 
embryonic  shield  (stage  VII;  from  which  figure  14  was  drawn. 
Dorsal  walls  of  the  pericardium  and  of  the  myocardium  have 
been  removed  to  expose  the  endothelial  tubes.  The  two  lat- 
eral endothelial  tubes  have  fused  and  communicate  with  each 
other  throughout  the  cranial  two-thirds  of  the  ventricle. 

The  ventricular  endothelial  tubes  show  a distinct  asymmetry 
due  to  the  extraordinary  enlargement  of  the  right  side,  re- 
gardless of  the  fused  or  non-fused  portion.  The  endothe- 
lial tube  is  elongated  dorsalward  from  the  dorsal  surface 
of  the  enlarged  right  endothelial  tube,  passing  through 
the  intermesocardial  space.  This  endothelial  elongation 
is  bifurcated  into  the  two  lateral  branches,  which  are 
continuous  into  the  ventral  aortae . X 100.  (YOohlhAGrA) 
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Fig.  16  Dorsal  view  of  the  reconstruction  of  an  embryonic 
shield  ( stage  VIII).  Dorsal  wall  of  the  pericardium  has 
been  removed  to  show  the  pericardial  cavity  and  myocardium, 
which  is  subdivided  into  several  individual  portions  (bul- 
bus  cordis,  ventricle,  atrium,  sinus  venosus,  etc.)  by  the 
distinct  bulbo-ventricular  atrioventricular,  sino-atrial 
constrictions.  X 100  (YOSHINAGA) 
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Fig.  17  Dorsal  view  of  the  reconstruction  of  the  same  embry- 
onic shield  ( Str.ge  VI II j from  which  figure  16  was  drawn. 

Dorsal  wall  of  the  pericardium  and  of  the  myocardium  have 
been  removed  to  expose  the  endothelium,  which  is  subdivided 
into  .several  individual  portions  in  conformity  with  the 
myocardial  subdivision.  The  two  lateral  endothelial  tubes 
have  fused  and  now  communicate  with  each  other  throughout  a 
middle  third  of  the  ventricle , but  elsewhere  they  are  sep- 
arated. X 100  (YOSHINAGA) 
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